Chaperonin 60: a paradoxical, evolutionarily conserved protein family with multiple moonlighting functions.
Chaperonin 60 is the prototypic molecular chaperone, an essential protein in eukaryotes and prokaryotes, whose sequence conservation provides an excellent basis for phylogenetic analysis. Escherichia coli chaperonin 60 (GroEL), the prototype of this family of proteins, has an established oligomeric-structure-based folding mechanism and a defined population of folding partners. However, there is a growing number of examples of chaperonin 60 proteins whose crystal structures and oligomeric composition are at variance with GroEL, suggesting that additional complexities in the protein-folding function of this protein should be expected. In addition, many organisms have multiple chaperonin 60 proteins, some of which have lost their protein-folding ability. It is emerging that this highly conserved protein has evolved a bewildering variety of additional biological functions - known as moonlighting functions - both within the cell and in the extracellular milieu. Indeed, in some organisms, it is these moonlighting functions that have been left after the loss of the protein-folding activity. This highlights the major paradox in the biology of chaperonin 60. This article reviews the relationship between the folding and non-folding (moonlighting) activities of the chaperonin 60 family and discusses current knowledge on their molecular evolution focusing on protein domains involved in the non-folding chaperonin functions in an attempt to understand the emerging biology of this evolutionarily ancient protein family.